To compare anatomic lower limb features of anterior cruciate ligament (ACL)-deficient versus -intact knees in Chinese subjects. Methods. Anatomic lower limb features (mechanical axis, tibiofemoral angle, posterior tibial slope, notch width index, and hip neck-shaft angle) of 25 men and 3 women aged 18 to 39 (mean, 26) years with ACLdeficient knees, and 16 men and 4 women aged 24 to 31 (mean, 28) years with ACL-intact knees were compared using radiography. results. The notch width index (0.26 vs. 0.29, p=0.02) was significantly smaller in ACL-deficient than ACLintact knees. conclusion. Small notch width was associated with a thin ACL and can be regarded as an anatomic intrinsic risk factor for ACL injuries.
(mean, 26) years with ACL-deficient knees caused by sporting injuries, and 16 men and 4 women who were hospital staff aged 24 to 31 (mean, 28) years with ACL-intact knees were measured using radiography. The dominant side of ACL-intact knees and both sides of ACL-deficient knees were measured. Radiographs for ACL-deficient knees were taken >6 months after injury. The health hazard caused by the ionising radiation was minimal. 9 This study was approved by the cluster clinical research ethical committee. Written informed consent was obtained from each subject.
Only patients with magnetic resonance imagingconfirmed isolated ACL tears (with or without meniscal injuries) were included. Patients with multiple ligaments injury, associated patellar dislocation or injuries, or previous serious injuries or operations to the lower limbs were excluded. Hospital staff was selected after physical examination. Those with generalised ligament laxity, pre-existing deformities, previous serious injuries or operations to the lower limbs, or any knee symptoms were excluded.
Standing anteroposterior (AP) radiographs of the lower limbs were taken with the foot and ankle in a neutral position and facing forward to the X-ray beam. Mechanical axis, tibiofemoral angle, and hip neck-shaft angle were measured (Fig. 1 ). The mechanical axis is the line that passes through the centre of the hip, knee and ankle. The normal axis is about 0º±2º. Negative/positive values indicate varus/ valgus knee alignments. The tibiofemoral angle was measured between the longitudinal axis of both the femur and tibia; the normal value was about 6º±1º. The hip neck-shaft angle was the angle measured between a line formed by the centre of femoral head and midline of femoral neck, and a second line along the longitudinal axis of the femur.
Lateral radiographs of the knees were taken in a standing position. The posterior tibial slope was measured by drawing a longitudinal line along the anterior border of tibia and a horizontal line along the posterior inclination of medial tibial plateau. A reference line perpendicular to the anterior border of tibia was drawn and the angle between the tibial slope and the reference line was taken as the posterior tibial slope (Fig. 2 ). Measurement on the medial posterior tibial slope was used rather than the lateral Tunnel knee radiographs were for femoral width, notch width, and intercondylar notch width index measurements. The subject kneeled on the radiographic table with the knee flexed to approximately 60º with the X-ray beam directly above it ( Fig. 3) . A horizontal line parallel to the joint line was drawn at the level of popliteal groove. The distance between the medial aspect of lateral condyle and the lateral aspect of the medial condyle was taken as the notch width. Femoral width was defined as the distance along this line between the outermost borders of the femur. The notch width index was determined by dividing the notch width by the femoral width. 8 To minimise the inter-and intra-observer errors, radiography was standardised and taken 6 feet from the X-ray beam by a single investigator blinded to the study. The mean values of 3 sets of measurement were used.
Various lower limb measurements in the ACLdeficient and ACL-intact knees were compared using 2-tailed independent t tests. A p value of <0.05 was considered statistically significant. Table 1 ]. The notch width index was significantly smaller in ACLdeficient than ACL-intact knees (0.26 vs. 0.29, p=0.02, Table 1 ).
results

ACL
The injured and uninjured sides of the ACLdeficient knees were not significantly different in terms of the mechanical axis (-1º vs. -2º, p=0.88), tibiofemoral angle (4º vs. 5º, p=0.36), posterior tibial slope (13º vs. 13º, p=0.65), hip neck shaft angle (127º vs. 127º, p=0.81), and notch width index (0.26 vs. 0.27, p=0.40) [ Table 2 ].
discussion
Assuming anatomic alignment of both lower limbs before injury is comparable, our results suggest that ACL injury itself is unlikely to cause any changes in lower-limb alignment. A smaller intercondylar notch is associated with increased risk of ACL injury. [10] [11] [12] Impingement of the ACL at the roof of a smaller notch during tibial external rotation and abduction may be a cause. Women have smaller notch sizes and thinner ACLs than men, and thus are more likely to sustain rupture. 13 However, other studies found no correlation between femoral intercondylar notch width and ACL tears. [14] [15] [16] The notch width of our subjects was larger than in western populations. 17, 18 This may be due to differences in body size and height 12 and the methods used to obtain tunnel radiographs. 19 The knee position was not standardised and may cause variability in notch width measurement. Thus, the notch width index was used for analysis. A template for knee position during tunnel radiography is also recommended. 19, 20 The use of a single radiographer to make measurements can reduce the inter-observer errors. Repeat measurements can reduce intra-observer errors. In addition, the shapes of the notch also correlate with the risk of ACL injury, 21 but many consider that how narrow it is rather than its shape is important. 20 A larger posterior tibial slope allows more anterior tibial translation, which may cause stress via the knee joint and lead to stretch out and rupture of the ACL. 22 A 10º increase in the posterior tibial slope can result in a 6 mm increase in anterior tibial translation, which leads to a three-fold increase in the ACL load. 23 During hyperextension and internal rotation of the knee, the posterior tibial slope on the lateral tibial plateau also imposes stress on the extended ACL. In a magnetic resonance imaging study, ACL-injured patients have a significantly greater posterior tibial slope of the lateral tibial plateau, and a non-significant lower tibial slope of the medial tibial plateau, compared to controls with patellofemoral joint pain. 24 The mean posterior tibial Table 1 Radiological measurements of anterior cruciate ligament (ACL)-deficient and -intact knees * Injured side for ACL-deficient knees and dominant side for ACL-intact knees † Data are presented as injured/non-injured side for ACL-deficient knees slope (13º) of our subjects was comparable to that reported in a study of 25 pairs of Chinese cadaveric tibia. 25 Abnormal lower limb mechanical axis, tibiofemoral alignment, and the quadriceps angle (Q-angle) may also contribute to ACL injuries. 26 Female basketball players with knee injuries had a greater Q-angle than non-injured players. 27 A higher Q-angle places the knee at risk to static and dynamic valgus stresses. 28 Female athletes at risk of ACL injuries are more likely to place their knees in positions of increased valgus angulation when changing direction during sports. 29, 30 Nonetheless, others found that static Q-angle measurements is not predictive of either knee valgus angles or neuromuscular patterns of ACL injury risk during dynamic movement. 31, 32 Similarly, varus alignment may not lead to an increased force acting on the ACL. 33 A dynamic tibiofemoral angle is more important than static knee alignment when accounting for the risk of non-contact ACL injuries. The evidence is not strong enough to suggest that static valgus or varus knees increase the rate of non-contact ACL injures. More varus knee alignment is observed in Chinese and Japanese subjects, compared to Caucasian. 34, 35 To minimise the risk of ACL reconstruction failure, high valgus tibial osteotomy can be performed in an unstable ACLdeficient knee with a varus thrust. 36, 37 This may be true for varus knees with pre-existing osteoarthritis.
For knee joint mechanics, the trunk and pelvis as well as the whole lower limb from the hip to the foot should be considered. Knee recurvatum, excessive navicular drop, and excessive subtalar pronation are anatomic malalignment related to increased risk of ACL injury. 38 The specific role of the pelvis and trunk position in non-contact ACL injury warrants more research.
conclusion Based on this relatively small sample size study, a smaller notch width index was found in the ACLdeficient knees in the Chinese population. Small notch width was associated with a thin ACL and can be regarded as an anatomic intrinsic risk factor for ACL injuries.
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